Abstract Potential barriers to colorectal cancer (CRC) screening include preexisting medical conditions (comorbidities), physician recommendation, psychosocial factors, and screening preparedness. This study's purpose was to investigate the impact of comorbid conditions on CRC screening among African Americans. A stage-matched randomized clinical trial was performed. Asymptomatic African Americans over age 50, with a primary care physician, and eligible for CRC screening were recruited at The Mount Sinai Hospital from 2005 to 2008. One hundred sixty-one patients were assessed for referral for, and completion of, CRC screening, comorbid conditions, "readiness to change," and number of physician visits within the observation period. Data was compared to a pretrial index to predict the likely effect of comorbid conditions on CRC screening. One hundred fifty-nine patients completed the study; 108 (68.9%) were referred for and 34 (21.2%) completed CRC screening. No demographic characteristics were associated with CRC screening completion. CRC screening referrals were similar for all patients, regardless of comorbidities or clinical visits. Comorbidities rated as having extreme influence on CRC screening showed a trend toward lower screening rates. There was a significant increase in screening rates among participants in advanced stages of readiness at enrollment. These data suggest that while comorbidities did not predict colonoscopy completion, they may play a role in concert with other factors. This is the only study to assess the effect of screening colonoscopy in an African American primary care setting. We must continue to explore interventions to narrow the disparate gap in screening and mortality rates.
Introduction
Colorectal cancer (CRC) has come to the foreground in preventable cancers, where effective screening is available. Yet, although clinical research has demonstrated that CRC incidence and mortality can be reduced through appropriate screening (i.e., colonoscopy with polypectomy) [1] , less than 60% of men and women in the USA participate in CRC screening [2] . This problem is particularly acute for African Americans, in whom CRC is the second most common cancer [3] ; screening rates are lower than whites [4] ; the mortality rate is higher [5] ; and often, the cancer presents at a younger age, resulting in lower survival rates [6] [7] [8] . While recent efforts using a patient navigator to increase CRC screening have been found to be moderately effective [9] , other interventions, such as standard print materials have not been proven effective [10, 11] . However, the low impact of standard print materials may be due to the lack of cultural sensitivity of differences in values of those targeted in the intervention.
The most recent CRC guidelines from the 2008 US Multi-Society Task Force [12] recommend seven screening procedures for average-risk individuals aged 50 years and older: three stool tests that detect cancer-fecal occult blood test (FOBT), fecal immunochemical test (FIT), and stool DNA test; and four tests to detect polyps and cancerflexible sigmoidoscopy (FS), double-contrast barium enema, computed tomography colonography, and colonoscopy. Colonoscopy, with immediate surgical removal of polyps, is associated with a 76-90% reduction in CRC incidence [13, 14] and is considered by the American College of Gastroenterology and a number of other professional associations to be the preferred screening method because it is the most sensitive procedure for detecting polyps and preventing CRC [12, 15, 16] . This position is further supported by independent research by Lieberman and Weiss [17] , Imperiale [18] , and Schoenfeld [19] who found that FS missed 30% of the advanced stage neoplasias identified through colonoscopy. Additionally, adherence to other screening methods is sub-optimal, as 25-40% of patients have been shown to fail to complete repeat annual FOBT screening over a period of several years in clinical trials and they have significant miss rates for many advanced adenomas [20] . Although CT colonography has shown promise as a CRC screening modality, it has a lower sensitivity and specificity than colonoscopy for polyps less than 6 mm [21] and also leads to a high incidence of extra-colonic findings which must be evaluated further.
Adherence to CRC screening guidelines, including colonoscopy, is poor for all ethnic groups [22] . Barriers rooted within the health care system often stand in the way of participation in cancer prevention and early detection services. For example, not having a routine source of medical care, not receiving a recommendation for screening and/or not having insurance coverage have all been viewed as barriers [2, 23, 24] . In addition, there are also intrapersonal barriers to completing CRC screening, particularly colonoscopy, such as difficulties in navigating the medical system. There are several intrapersonal factors associated with CRC screening including perceived risk, benefits (pros), and barriers (cons), and knowledge of CRC screening. For example, according to the Health Belief Model (HBM), patients will undertake CRC screening if they perceive themselves to be susceptible to CRC, and/or perceive the consequences of CRC to be severe. Based on the HBM and the Transtheoretical Model (TTM), pros, and cons may also be associated with CRC screening [25] . Based on the TTM, the stage of adoption is used in understanding CRC screening behavior intentions. Knowledge of CRC screening can be influential as prior research with the targeted population found that those with greater intention to undergo CRC screening were more likely to have heard of colonoscopy and had a physician recommended CRC screening [26] .
It is reasonable to expect that with an invasive procedure such a colonoscopy, preexisting medical conditions (comorbidities) might serve as a barrier to routine screening, both to physicians who need to decide about making a referral for colonoscopy, and for patients who need to complete the procedure. To date, little data exists on this subject. One study performed on African American males over age 55 failed to demonstrate an effect of comorbidities on cancer screening practices [27] . In the present investigation, we were interested in studying the impact of comorbid conditions in African American men and women who participated in a randomized clinical trial, examining different print educational interventions [26] , all aimed at increasing adherence to physician referral for CRC screening.
Methods
This IRB-approved prospective randomized clinical trial was designed to investigate the effectiveness of five different culturally sensitive or staged-matched print educational interventions in reducing African Americans' barriers and increasing their adherence with CRC screening recommendations. Recruitment began July 1, 2005 and was completed February 29, 2008 . Eligible patients included African American men and women over the age of 50, who were asymptomatic for gastrointestinal symptoms, were in need of screening, and had a Primary Care Physician (PCP) (see [26] for greater details). The Internal Medicine Associates clinic at the Mount Sinai Hospital was chosen as the primary study site. This clinic is the main catchment site at Mount Sinai for the surrounding East Harlem community and serves a large number of ethnically and economically diverse patients. Additionally, direct physician referrals for colonoscopy and tertiary care are readily made from the clinic and a well-established patient navigator system is available for ease of scheduling.
Two hundred thirty-seven individuals were informed about the study. Sixty-eight percent of eligible patients agreed to participate. Overall, 56 individuals did not want to participate. Thirty-two people were "not interested" for reasons such as they had other medical problems that they were dealing with, and not believing it was beneficial. Nineteen people "did not want to participate" and gave reasons including having too many other tests, and not wanting to answer any questions. Five people gave "other" reasons, including being a full-time caretaker, having a colonoscopy already scheduled, and not being comfortable with access to their personal medical history not expiring.
Assessments The 45-min baseline interview was conducted immediately before a patient's PCP visit. Follow-up interviews then occurred at 2 weeks (to review the educational materials) and at approximately 3, 6, and 12 months. Stages of change were assessed with the measures developed by Manne and colleagues [25] . As described by Christie and colleagues [26] , there are five stages of change in the parent study used to describe the process of deciding to undergo CRC screening with pre-contemplation divided into three subgroups. Stage 1 of "Pre-contemplation" is when the person is unaware of CRC risk or has never heard of a colonoscopy. During stage 2 of "Pre-contemplation," the person is aware of the CRC risk or has heard of a colonoscopy, but has never considered having a colonoscopy. Stage 3 of "Pre-contemplation" includes when the person is aware of the CRC risk and has considered having a colonoscopy but decided against it. In stage 4 of "contemplation," the person is considering undergoing colonoscopy screening in the next year. At stage 5 of "preparation," the person has an appointment scheduled for colonoscopy screening. The participants received $20.00 (in either cash or a gift card to a local store) after each interview as compensation for their time.
Medical Chart Review Throughout the study period, participants were asked about their completion of colonoscopy. In addition, medical chart reviews were completed, using the 
Data Analysis
Data obtained on the MCAF was entered for analysis using SPSS (version 16.0) software. Comorbidities were grouped into categories for analysis. First, all of the recorded comorbid conditions (N0160) were classified by body systems. Then, in order to examine the potential influence of different comorbid conditions (so-called CRC Medical Barriers) which may affect ability to have a screening colonoscopy, two independent physicians coded each condition as to their likelihood to affect CRC screening: 10extremely unlikely to affect colorectal cancer screening adherence (e.g., diabetes, GERD, and hypercholesterolemia) to 50extremely likely to affect colorectal cancer screening adherence (e.g., endocarditis, pancreatitis, and pulmonary embolism). A third physician reviewed any disagreements. Two summary scores for each participant were created: total number of comorbid conditions and a summary of the CRC Medical Barriers. Both patient-reported and chart-confirmed CRC screening data was compiled 18 months after the baseline visit.
Results
One hundred fifty-nine patients completed the study and follow-up periods. The patient demographics are presented in Table 1 . Overall, 108 (67.9%) of patients were recommended for CRC screening by their physician. The population was largely female (76.3%), not married (76.9%), unemployed (85.9%), and had an annual income of less than $15,000 (64.7%). The patient population was in regular contact with the medical system with 75% of patients seeing their primary physician 4 or more times in the 12-month study period. Conditions that were pre-determined to have either minimal, mild, or extreme influence on affecting screening rates were unaffected by the stage of change (precontemplation, contemplation, preparation, action) prior to the study. While those having more comorbidities were more likely to have conditions that were rated as having an extreme influence on potential screening (Table 2) , there were no other associations with influence and stage at either baseline or 12 months of completion of colonoscopy. None of the patient demographics was associated with a statistically significant impact on CRC screening (Table 3) . Overall, the largest group of patients who completed screening comprised females, although a higher proportion of all referred males completed screening, and a married status tended to positively influence screening rates. A higher proportion of screening colonoscopies were performed in patients who had three or more physician visits per year than in those with less than three visits, but there was no difference in rates of screening between patients with fewer MD visits and those with more visits. Patients who were in a contemplation or preparation stage at baseline were more likely to have a screening colonoscopy as compared to those patients in a precontemplation stage (Table 4) . Stage was related to non-screeners, with almost all patients who remained in a precontemplation or contemplation stage at 12 months failing to be screened. There was a non-statistically significant trend for comorbid conditions, in the expected direction (p 00.133). When examining the number of comorbid conditions (0 or 1, 2-4, or 5-12), a number of statistically significant findings are noted (Table 5) . Patients with more comorbid conditions were less likely to be employed or retired (<0.001). They also were more likely to not have insurance coverage and less likely to have public insurance (p00.046), and as expected, had more physician visits in the past year (p00.027).
Discussion
Although CRC screening has been proven effective and has the potential to reduce mortality, screening rates still remain low, across all ethnic groups. African Americans have the highest incidence and mortality related to CRC. In order to reduce this disparity, efforts to increase their screening rates are important and timely. This study sought to understand the potential role that preexisting, comorbid conditions, might serve as a barrier to screening. Currently in the literature, there is data to indicate that age is the strongest determinant of screening while comorbidity has little impact [28] . In this sample of low-income primary care African Americans, we too found no statistical association between number of as well as weighted significant comorbid conditions and CRC screening. Our patients were slightly different from groups previously studied in that the average age of our study population was 57 years compared to greater than age 65. Furthermore, the majority of our patients had two to four comorbidities that were considered minimal to mild influence on screening completion. Therefore, we did not have a large number of very sick patients. Others have investigated the relationship between comorbidities in an elderly population (patients age >65) and cancer screening behaviors [29] . This group evaluated breast, cervical, and colon cancer screening rates. Interestingly, patients with increased comorbidities (three or more) were more likely to undergo breast and cervical cancer screening. Yet, this association was not seen with FOBT. Specifically, the diagnosis of hypertension revealed a trend toward higher rates of mammography (OR 01.56), pap smear (OR01.41), and FOBT (OR01.37). Colonoscopy, which is more invasive, was not investigated in this study. However, in a study by Walter and colleagues [28] involving mostly male veterans over the age of 70, the impact of age and comorbidity on CRC screening by all modalities (including colonoscopy) was evaluated. The Charlson-Deyo score was used to classify the patient burden of the comorbidity as none, average, and severe. This is a modified version of the original Charlson score which is a validated assessment tool that weights comorbidity factors including cardiovascular disease, dementia, COPD, rheumatologic disease, liver disease, etc., to determine illness status [30] . Nonetheless, as with previous studies, advancing age was a predictor of decreased CRC screening in general, but comorbidity was not. However, the association between specific CRC screening modality and the affect of comorbidity was not evaluated in this study. Subsequently, because colonoscopy is more invasive and associated with greater procedural risks, we expected to find a greater association between comorbidities and stage of readiness as well as completion of screening colonoscopy. Since demographic characteristics nor preexisting medical conditions were related to increase in screening, perhaps other factors, including CRC knowledge and personal beliefs about cancer screening should be analyzed in future studies. Physicians are recommended to factor in comorbid conditions when assessing the potential risks and benefits of cancer screening in their patients, particularly in older patient groups. However, comorbid conditions did not predict physician recommendation for screening in our study. Perhaps, this is because we did not have a very sick patient population. While most participants did report their physician having recommended screening (67.9%), this rate is relatively low given the importance of CRC screening. Importantly, only 21.4% of the participants, all of whom received print materials about the importance of CRC screening, completed the exams, although there was some improvement in their stage of readiness at the final, 12-month, and assessment point. Therefore, there was a low completion rate of screening colonoscopy which was not related to the influence of comorbid conditions. Although we did not find a significant measurable difference, patients may not follow-up with screening recommendations by their primary care physicians because of the impact comorbid conditions may have on functional and cognitive status which we did not independently assess in this study. Interestingly, the navigated patients had a significantly lower screening completion rate than previously seen in the same clinic using a patient navigator [9] . The number of navigated patients and non-navigated is likely too small to appreciate a difference. Also, the process and procedures of navigation were different in the current study. Importantly, navigators have different personality and communication qualities that can influence the effectiveness of the navigation. It is also possible that completion rates were affected by changes in the referral system during the study period or that the strategy of patient navigation was less intensive for this study population. This is the only study to assess the effect of screening colonoscopy in an African American primary care setting. While we did not find that comorbidities were related to colonoscopy completion rates, we did detect a trend toward increases stage of readiness and milder comorbidities. Therefore, while comorbidities did not predict colonoscopy completion, they may in concert with other interpersonal and cultural factors play a role. The decision to complete screening colonoscopy can be complex, particularly for lowincome minority groups. However, as we continue to peel back the onion, we must continue to explore interventions such as navigation to narrow the disparate gap in screening and mortality rates in the group.
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